ABSTRACT In a cohort study of 5464 union organised Swedish chimney sweeps employed at any time between 1918 and 1980 mortality was studied from 1951 to 1982 with national statistics used as a reference. Follow up was possible for 98-6% of the individuals: 717 deaths were observed against 540 expected. There was an increased mortality from coronary heart disease, respiratory diseases, and several types of malignant tumours. Lung cancer mortality was significantly increased and positively correlated to the number of years employed. A fivefold risk increase for oesophageal cancer and liver cancer was found. The increased mortality could be attributed to exposure to combustion products in the work environment but not to smoking habits.
In 1775 Sir Percival Pott published his classic case reports on scrotal cancer among London chimney sweeps.' Only recently, however, have epidemiological studies shown that chimney sweeps are still at an increased risk of cancer and other diseases.2-5 Our first study on long time employed chimney sweeps showed an increased mortality from malignant diseases such as cancer of the lung, oesophagus, and liver and from circulatory and respiratory diseases.2 Some of these results were later supported by a Danish investigation showing an increased mortality from lung and stomach cancer and coronary heart disease.34 In the present report we have doubled the size of the study group by including all Swedish chimney sweeps and extended the follow up period in order to investigate exposure response relations.
During their work, chimney sweeps are exposed to soot and gases from the burning of wood, coal, coke, and mineral oil. Soot contains polycyclic aromatic hydrocarbons (PAH), a class of compounds with well documented carcinogenic properties.6 Soot also contains the metals As, Pb, Cr, Co, Cu, Ni, Zn, and V, several of which are suspected or accepted carcinogens. Chimney sweeps are also exposed to sulphur dioxide, asbestos, and silica. Organic solvents are used for degreasing ventilatory equipment.78
The chimney sweeps' work environment has continuously changed during the twentieth century, mainly because the burning of oil has replaced the burning of wood, coal, and coke but also due to improvements in occupational hygiene. Since the Accepted 13 October 1986 1950s oil has been the dominant fuel for heating buildings in Sweden. Soot from oil fuelled burners contain sulphur dioxide which irritates the mucous membranes in the airways and eyes. The burning of wood, on the other hand, may give rise to higher levels of PAH, especially in small fireplaces.8
Material and methods
The records of the Swedish Chimney Sweeps Trade Union were used as the source material for the study.
All individuals enrolled at any time between 1918, when the union was established, and 1980 were primarily included in the cohort. Name, date and place of birth, civil registration number (if indicated), and time for joining and leaving the union was recorded.
A total of 5542 male chimney sweeps were identified in the register. The trade union rate among chimney sweeps in Sweden is around 95% and the study thus has the character of a total national investigation of the trade. The union records contain information about any chimney sweep work before joining the union and the first year of work was registered as the first year of exposure. Some chimney sweeps become a master, leave the union, and start their own enterprise. Since most of their work is administrative, they have been considered unexposed in the calculation of total exposure time.
Follow up of individuals was-obtained by matching civil registration numbers with a computerised register of the living population at the National Insurance Authority. Individuals not identified in this register were traced through death and burial books of the 738 Excess mortality among Swedish chimney sweeps (4) 213 (7) 209 (14) 490-493 Asthma, bronchitis, emphysema 323 (2) 123 (2) 70 (1) 299 (7) tality was also significantly increased, causing most of the excess malignancies. The mortality in coronary heart disease was significantly increased whereas there was a non-significant tendency towards decreased mortality from cerebrovascular diseases. Mortality in relation to duration of exposure was calculated with a latency requirement of 30 years (table 3) . The SMR for lung cancer was positively correlated to the duration of exposure, indicating an exposure response relation. The SMR for oesophageal cancer was greatest (845) among those exposed for 30 years or more but the number of deaths was small and the trend not firmly established. The excess risk for respiratory diseases applies to all four exposure time categories without an obvious trend whereas the trends for mortality in coronary heart disease and cerebrovascular diseases are reversedthat is, the SMR being lower among long time exposed chimney sweeps. The mortality was investigated among chimney sweeps exposed only before or only after 1 January 1951 (table 4) to discriminate between chimney sweeps exposed mainly to soot from wood, coal, and coke, and those exposed mainly to soot from mineral oil. A latency requirement of 20 years was introduced in both groups. The mortality pattern among those exposed only before 1951 resembles that of the whole cohort, but the risk excesses are even greater for most of the diagnoses. Only 36 deaths had occurred among those employed after 1 January 1951. There was one case of lung cancer, 0 65 being expected, and the number of deaths due to coronary heart disease was 8-0, whereas 3-98 were expected. The increase of coronary heart disease is not statistically significant but the SMR is almost equal to that among those exposed only before 1951.
Discussion
Swedish chimney sweeps have experienced an increased mortality from cancer of the lung, liver, and oesophagus and from coronary heart disease, respiratory diseases, and violent deaths. The possible occupational and non-occupational causes are discussed below. TOBACCO 
SMOKING
Since tobacco smoking is related to an increased mortality from lung cancer, coronary heart disease, and oesophageal cancer, it is important to evaluate the influence from smoking habits among the chimney sweeps. Individual smoking data are not available for the full cohort, but in 1972 a health survey was performed among all Swedish chimney sweeps active at that time (n = 1042), and the smoking habits were registered. ' it is particularly high in some parts of southern Africa and the northeast of Iran. A causal relation with pyrolysis products from tobacco and opium has been suspected, since it is common in these areas to chew and swallow the pipe scrapings after smoking. Opium addiction is common in northeast Iran where crude opium and refined opium products are eaten or smoked and the pipe residues are eaten.'6 The mutagenic activity in opium and its combustion products has been investigated.'6 -18 Crude opium was not mutagenic whereas combustion products of it were highly mutagenic. A three cyclic aromatic hydrocarbon of phenanthrene type and primary aromatic amines had the highest mutagenic activity.'7 18 PAH of related types are common in soot from chimneys.8 The increased risk of oesophageal cancer among the chimney sweeps is probably caused by inhalation of soot particles containing PAH. These particles are deposited in the bronchial mucosa, transported out of the respiratory system by mucociliary clearance, and subsequently swallowed. The carcinogenic effect is then exerted directly on the oesophageal mucosa.
The reason for the excess of liver tumours is obscure. Occupationally induced primary liver cancer has been reported in connection with exposure to organic solvents.'920 The Swedish chimney sweeps have been exposed to organic solvents during the past 15 years when degreasing ventilatory equipment. Neither the magnitude of exposure nor the latency time supports an aetiological relation, however.
No deaths from scrotal cancer occurred in the cohort during the study period. This finding is of interest in relation to a special condition in the contract of employment for Swedish chimney sweeps. Since the beginning of this century, chimney sweeps have been given the right to take a bath during working time at the end of the day. This simple arrangement might successfully have prevented the classic occupational hazard among chimney sweeps, although not the other hazards now found.
In our preliminary study of 
